Interest and opportunities for undergraduate research programs continues to increase at universities throughout the United States. Despite the significant level of interest and support for these activities our understanding of the characteristics of a successful program and its long-term impact on student outcomes remains is limited. The purpose of this study is to examine the impact the relationships and interactions with faculty, graduate student mentors, and other undergraduate researchers in a summer program at the Illinois Institute of Technology had on the participants' career paths. Over the nine years, there have been 131 undergraduate students who participated. Ninety nine (76%) of these students were supported via funding from the National Science Foundation Research Experiences for Undergraduates program. The other 32 (24%) were supported through institutional funds. More than half of the students (56.5%) were female, 26.7% of the students were from underrepresented groups, and 52.7% students without previous research experience. The undergraduate research program understudy is a 10-week engineering research project working in research laboratories at the University or a collaborating Medical School. A tiered mentoring structure was developed within the participating laboratories that consisted of some combination of faculty, graduate students, undergraduate students, community college students, and high school students. 
The NSF has funded undergraduate research for over 30 years 2, [4] [5] [6] While undergraduate research has received substantial attention from funding agencies and academic institutions, fundamental understanding of the characteristics of a successful program is lacking. In addition, longitudinal tracking of participants that evaluate the influence of the experience on their long-term plans is lacking. In this paper we describe and evaluate our 9-year experience with a 10-week summer undergraduate program.
Methods
Overall Program Description primarily supports students from off-campus. 2) Institutional funding that only supported students from within the institution.
All students were paired with an engineering faculty member from the host institution.
Over the 10 weeks they performed an engineering research project focused on the study or treatment of diabetes or its complications. In addition to research activities, undergraduates took part in ethics training, weekly seminars and a K-12 outreach activity. While the activities were the same for students in both programs, the overall goals, recruitment, and targeted students varied as described below.
NSF REU Program
Students were recruited via postings on the NSF REU website, advertisements sent to all biomedical engineering chairs, and announcements on the institution websites. Applicants provided transcripts, two letters of recommendation and two essays. In the first essay they were asked to describe their interest in diabetes research and the second essay addressed the relationship of this program to their career goals. Between 100 and 200 applications were received annually. Students were selected based on their academic background and performance, research experience (preference is given to students without previous experience) and relevance of the program to their career aspirations.
Institutional Program
Students from within the institution were selected primarily based on recommendation from engineering faculty within the institution. In the majority of cases the undergraduates were already working in faculty labs. This program did not target particular groups. The overall goal was to provide support for the students who had the greatest potential to contribute to faculty research programs.
Longitudinal Survey
In 2014 a survey was developed and sent to all previous participants that could be contacted. E-mail contact information for participants were identified through established relationships with faculty, graduate students and the program director or through Linkedin. The survey was designed to evaluate 1) the academic and career plans and actual trajectories and 2) influences and roles of the mentoring relationships with faculty and graduate students.
Results

Demographics
In nine years of this program, the NSF has provided support for 99 undergraduate students and institutional funds supported an additional 32 students. Of these 131 students, Figure 1 .
The NSF program specifically targeted three student populations: 1) women, 2)
underrepresented groups, and 3) students without previous research experience. Acceptance was not limited to students from these populations, but applications from these groups are targeted in our recruitment. Over the 9 years of funding the program consisted of 59.6% women, 33.3%
underrepresented groups, and 63.6% students without previous research experience. In addition, 6 students were type I diabetics and one was a veteran. When examining program participation over the past 9 years 24.2% of students were from colleges and universities where research opportunities in STEM are limited (defined as community colleges or predominantly undergraduate institutions). The development of programs for community college student partcipation resulted in 30% of students from limitied STEM research opportunities each year from 2012-2014. NSF funding is limited to domestic students so 100% of students were permanent residents or citizens.
All undergraduate students supported by institutional funds were from the host institution.
The program consisted of 46.9% women and 18.8% students without previous research experience overall. Unlike the NSF support, the institutional funds did not require domestic students. Therefore, 15.6% of students were international. Of the domestic students 7.4% were from underrepresented groups.
Longitudinal Survey
In 2014 Research Fellowship recipients. In the longitudinal evaluation, students consistently expressed the REU program had an impact on their career choices. While we consistently receive positive reviews in exit surveys, the longitudinal surveys were encouraging as they were consistent from 
.").
The students also identified graduate student mentors as critical to the experience (2010: Another measure of productivity in an undergraduate research experience is the ability to make contributions substantial enough to merit authorship on a peer-reviewed manuscript. While a number of factors contribute to success in this regard, 15% (20/131) of the undergraduates coauthored a peer-reviewed manuscript. A higher percentage of students supported via the internal program (31.3%) published relative to REU students (11.1%) of REU students. When applying a more liberal measure of significant contributions (i.e. including manuscripts published in campus undergraduate research journals and acknowledgements of contribution in peer reviewed manuscripts), 20.6% (27/131) of students were identified as contributing to peer-reviewed manuscripts. This consisted of 34.4% of internal students and 16.2% of REU students. In general, these numbers should be considered as minimums due to the time lag between research performed and publication. Three to four students are currently preparing manuscripts based on their work.
Discussion
In this paper we describe our 9-year experience with a summer 10-week engineering research experience for undergraduates. The participation of students in this program was supported via two mechanisms: funding as and NSF REU site and internal funding from the institution. While the student activities and research projects were similar regardless of funding, the results in regards to the demographics of students participating and the long-term academic paths chosen post participation.
The NSF REU site has specific goals and targets three primary groups: 1) students without previous research experience, 2) women and 3) students from groups traditionally underrepresented in STEM fields. NSF funding supported 59.6% women, 33.3% underrepresented groups, and 63.6% students without previous research experience. The internal program did not target specific groups and instead focused on promoting opportunities for internal students regardless of demographics. The number of women involved was lower in the internal program (46.9% vs 59.6%) but higher than the overall representation in biomedical engineering programs (38.9%) 9 . The number of students without previous research experience (18.8% vs 63.6% for internal and NSF, respectively) and from underrepresented groups (7.4% vs 33.3%) was substantially lower in the internal program. The NSF REU solicitation states that "the NSF is particularly interested in increasing the numbers of women, underrepresented minorities" in research" 3 . These results suggest that these goals help drive undergraduate research programs to include specific groups that may otherwise have a low representation in the non-targeted internal program.
Unlike the NSF support, the institutional funds did not require that participants be domestic students, resulting in 15.6% participation by international students. Anecdotally, campuses with significant levels of international undergraduates are often challenged to find mechanisms to support their research activities due to restrictions on much of the government funding available. The continued growth of international students in undergraduate programs provides both a challenge and opportunity for undergraduate research programs.
Studies suggest that undergraduate research experiences are dominated by students with previous experience and with those who would have already determined their career path 3, 4, 6 .
Clearly, the NSF program had significantly more participation by new researchers (18.8% vs 63.6% for internal and NSF, respectively). In addition, students in the internal program had increased matriculation into non-research careers (primarily MD programs). These students also stated that, in many cases, their career plans were determined prior to entering the summer.
While the students enjoyed the research, if the goals of undergraduate research are to promote research careers this may not have been accomplished. However, this was also observed in the NSF funded students. The identification and selection of students who will benefit most from the research experience and the definition if what the targeted "benefit" of participation is should be clearly articulated.
Summer research programs continue to increase in popularity on many university campuses and research centers. The break from classes in the summer provides students with the opportunity to immerse themselves full time in research activities. This may provide a more committed research experience that cannot be accomplished during the academic year. However, these short (typically 8-10 weeks) summer programs may not allow students the time to get a thorough exposure to research. Research productivity in regards to co-authoring peer-reviewed manuscripts was clearly higher in the internal students who typically experienced longer research training. In addition, they may not be able to establish strong mentoring ties with the faculty mentors. Students supported by NSF funding were primarily from off-campus, and therefore were only involved in the research activities for the summer. The internal program typically funded students with a more long-term commitment to research with multiple semesters working in the same laboratory. Student comments suggested a far more personal and impactful relationship with faculty in these students that spent greater time in the laboratory. The internal program allowed for sustained student involvement in research that may provide additional benefits above and beyond a single summer experience. Future studies should investigate the impact of research duration on the undergraduate research experience.
Nine years of running a summer undergraduate students has provided significant quantitative and anecdotal evidence in regards to the nature of the student experience. Based on this experience, some critical components to a successful research experience have emerged. The graduate student mentor appears to play an important role in the experience. Graduate students often play a direct role in mentoring the undergraduate and drive the day-to-day experience. The faculty member plays a different but also critical role. They often provide a bigger picture view of the research, coordinate activities amongst lab members, provide insight into papers and presentations and give significant career advice. Faculty members who rely completely on the graduate students with minimal undergraduate interactions were eliminated as mentors over the lifetime of the program. The time involved in research also seems to be an important aspect of the experience. While we believe that students can have a meaningful and productive experience in a 10-week summer experience, it is important to carefully think about the design and structure of the research activities. Undergraduates involved in a more sustained research activities can be allowed to develop their research in a process similar to graduate students with a sustained process of continuous development, research and refinement of the process. This process is not likely to be productive in a 10-week experience. Overall, these observations need to be studied in a more comprehensive manner.
Conclusions
Undergraduate research experiences have the potential to impact student academic and professional careers. By comparing two different funding structures with distinct goals, this study provides evidence that the goals of the programs may influence program demographics and student outcomes. This information could be used to inform the design and structure of undergraduate research programs.
